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In the m aj o rity of patients, allergic nickel contact dermatitis 
is associated with a proliferative response of peripheral blood 
T lymphocytes to nickel sulfate. Optimal proliferation was 
found in a concentration range of 1- 2 X 10 - 4 M nickel 
sul fa te. Nickel-specifi c response of purified peripheral blood 
T cells requires the presence of antigen-presenting cells 
(APC). Both peripheral blood monocytes and skin-derived 
epidermal cells could fun ction as APC, but epidermal cells 
were shown to be more potent than monocytes. By tes tin g 
FcR + monocytes and FcR - circulating dend ritic cells fo r 
their antigen-presenting ca pacities, it was found that the 
criti ca l APC within the fraction of monocytes is the cir-
cul ating dendritic cell. T estin g highly purified T 6+ (C D 
A llerg ic contact derm atitis is considered to be a typica l exam ple o f a del ayed type of hypersensitivity reac-tion [l]. T he cellular o ri gin of this reaction is stressed by the f.Kt that the lymphocyte infiltrates in th ese les ions mainly consist of CD 4+ (inducer) T lym-
phocytes [2,3]. In th ese lesions, T cells ca n be found in close 
contact w ith the processes of cells of dend ritic morphology that 
express the Langerhans cell (LC) an tigen C D 1 (T6) [4]. T he 
all ergic reaction to nickel is associated w ith an in vitro prolifer-
ative res ponse of peripheral T lymphocytes to nickel salts [5]. 
T his assay is an excellent in vi tro model in the sea rch fo r mech-
anisms underl ying all erg ic reactions. 
Acti va tion of inducer T cells requires the presence of anti gen-
presenting cells (A PC), since T cells exclusively recognize antigen 
in association wi th class II maj o r histocompatibiJity co mplex-
encoded molecules on the cell surface of A pc. Antigen-presentin g 
cells are present in peripheral blood w ithin the fraction of 111 0no-
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Abbrev iatio ns: 
A PC: antigcn- presentin g cells 
CD: cl uster of diffe rentiation 
d: density 
IM D M : Iscove's m odified Dul becco's medium 
LC: Langerhans ccl l(s) 
SIS: skin immune system 
1) skin-specific dendriti c cells (Lan gerhans cell s, LC) and 
T6 - epiderm al cell s as APC, the cri tica l APC within the 
fraction o f epidermal cells appea red to be the LC. The 
crucial ro le ofLC was stressed in experim ents usin g T cells 
fro m patients exhibiting a positi ve patch tes t to nickel but 
a low or absent proliferative response to nickel by unpu-
rified peripheral blood cells. Whereas addition of peripheral 
blood APC was ineffective, addition of LC to purified 
peripheral T cells was sho wn to o vercome this low re-
sponsiveness to nickel . These results indica te the crucial 
role of dendritic APC subsets in nickel-specific T-cell p ro-
liferation. J it'IVest Dern'Iatot 88: 550-554, 1987 
cytes. B raathen [6, 7] has prev iously shown that in nickel-specifi c 
T-cell p ro liferation skin-derived epiderm al cell s are p otent APC, 
w hereas monocy tes are less effective. In the present paper we 
describe experiments that were aimed to furth er charac terize the 
critica l APC in nickel-specifi c T -cell p roliferati on. 
N ickel-allergic patients could be roughl y devided into " high" 
and " low" responders, since in a number o f the patch test-positi ve 
patients ni ckel-s pecific pro liferation in peripheral blood cells ap-
peared to be low or absent. We here report that in hi gh-responder 
patients, circulatin g as well as skin-derived dendritic cells ap-
peared to be specialized in presentin g antigen to nickel-specifi c T 
cells. 
Low-responsiveness to ni ckel could be overcome by the use of 
epiderm al dendriti c cells as APC, sugges tin g a special requirem ent 
fo r this type of dendriti c cell as APC in the activation of T cells 
from thi s category of pati ents. 
MATERIALS AND MET H O DS 
Patients T hirteen ni ckel-all ergic patients were selected; criteria 
were a positi ve patch test to ni ckel and th e presence of a chro nic 
manifesta tion o f contact derm atiti s. Nickel was applied as 5% 
ni ckel sulfate in petro latum under occlusion for 2 days and the 
tests were rcad after 2 and 3 days . Peripheral blood cells were 
collected at day 3 as a standard. Auto logous epidermal cells w ere 
obtained from hea lth y sk in using a suction blister device. 
Antibodies The fo ll owin g antibodies were used to detect leu-
kocyte subsets: O KT 3 (O rth o, Raritan, N ew Jersey) fo r T cells, 
B 1 (B&D, Mountain View, Ca lifo rni a) fo r B cells, O KM 1 
(O rtho) o r M O 2 (BRL, Ga itherburg, M aryland) fo r monocy tes, 
O KT 6 (anti-T6/CD 1; O rth o) fo r LC. To label cells, antisera 
were used in an indirect assay using goa t antimo use/ lg as a second 
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laye r either conju gated w ith flu o rescein isothiocya nate for flu-
orescen cy o r w ith peroxidase fo r cy tochemistry. 
Isolation ofLYITlphoeytes and APC FroITl Peripheral Blood 
Mononuclear auto logous peripheral blood cells were isolated by 
Ficoll-M etrizoa te density (d = 1. 077 gll iter) centrifu ga tion . 
Monocytes and lymphocy tes we re separated by subsequ ent Per-
coli density (d = 1.077 and 1.066 g/ li ter) centrifu gation as de-
scribed by AI-S um adaie et al 181. Purified T cell s were isolated 
frOITI cells of the mos t dense fraction by E-rosetti ng, fo ll owed by 
den s ity centrifu ga tion on Ficoll-Metrizoa te (d = 1. 077 g/liter). 
E-rosetting cell s were harves ted from th e bottom of the tube and 
the erythrocytes lysed in ammonium chl o ri de-containing me-
dium. T he fraction of T lymphocytes consisted of 90% o r more 
T cell s (T3 + cells) and was contam inated w ith 2-6% J3 cell s (B l + 
ceUs) a nd 0.5-3% monocytes (Ml " o r M02 + ce lls) . T he mono-
cy te fract ion consisted of 55-85% monocytes on the basis o f 
sta ining for acid phosphatase activity o r w ith Ml and M02 anti-
se ra . Contaminat ing cells we re lymph ocytes. Viability a - assessed 
by eosine excl usion w as over 95%. 
FcR '" m onocytes and FcR - dendriti c cells were furt her purifi ed 
fro m t he monocyte fractio n fo ll ow in g th e procedure described 
by Ga ud ern ack and Bjercke [91: the monocyte fra ction was de-
pleted from lymph ocytes by adheren ce to fibronectin-coa ted Petri 
dishes for 2 h at 37"C. Adherent cell s were obtained by incubat ion 
with EDTA-containing Iscove's modifi ed Dulbecco's medium 
(IMDM) for 15 min at 37°C and harvest in g th e cells by scraping 
with a rubber po liceman. T he recovered popu lation contained 
more t han 95% cells of nonl ymph oid character. FcR + and Fcn -
cell s "Were separated by incubation with IgG opso nized ox eryth-
rocytes and centrifu gation of rosettin g and nonrosettin g cells by 
gradient cen trifugation on Nicodenz (d = 1.066 g/ liter). Both 
popula ti ons were treated with ammonium chl o ride-containing 
lys is med ium . More than 95% of FcR ,. monocy tes consisted of 
ceUs vvith m onocy te morphology that further ex pressed several 
monocyte-specifi c markers (Mac I, M O 2), and showed acid 
phosph atase activity . FcR - dendritic cells consisted of 40-65% 
cells vvith a monocyte-like morph ology, but did not express the 
monocyte-specifi c markers. At 37"C, these cells formed ex-
trem_el y long protusions, a characterist ic fo r dendriti c cells r 1 0, 11] -
Conta minat ing cells were lymph ocytes . 
Isolation of EpiderITlal Cells and LC Epide rm al cells were 
iso lated from epiderJ1nl sheets thJt were removed from skin by 
using a suction blister dev ice 11 2 1_ Suspensions o f epider mal cell s 
were obta in ed by in cubatin g epiderma l sheets fo r 30 min in 0.25% 
tryps in in ca lcium- and magnesium-free phosphate-buffered sa-
li ne (PBS), fo ll owed by stirrin g for 15 min in PBS supplemented 
with 10% feta l ca lfse rum and 10 units/ m l D N ase. Epidermal cell 
preparations contained 2-5% LC as determined by staining with 
anti-T6 (CD 1) antibody. Lange rhans cell s were further purified 
by panning (mo use-derived) anti-T6 antibody-labeled epiderma l 
cells o n anti mouse Ig antibody-coated Petri dishes. Adherent cells, 
ha rvested by scrap in g with a rubber po li cema n, consisted for 
more than 90% of T6 '" cells and contained Birbeck g ranul a as 
determined by electron mi crosco py. In gcneral , 5-15 thousa nd 
LC vvere iso lated from 5 epiderm al sheets of5-111m diameter. T he 
popul ation o f nonadh erent cells, however, appea red to be con-
ta minated with a substantialnl1mber ofT6 -1 cell s (0. '1- '1 %) . 
Proliferation Assay Pro liferati on of mononucl ea r periphcral 
blood cells o r puri fied T lymph ocytes was assayed by culturin g 
2 X lOS cell s in 200 JLI cu lture medium. C ulture medium co nsisted 
of rM D M suppl emented with 20% pooled normal human serum , 
100 U/m l pen icillin , and 100 JL g/ ml streptomycin. The T cells 
were s timu lated by nickel (II ) sul fate .6H20 by add ition of I X 
10- 4 M nickel sul fate to the cul tures. Cells were cultured for 5 
days, the last 16 h in the presence of 0.5 JLC i tritiated thYll1idin. 
Pro li ferat io n was meas ured by harvesti ng cells on a fi lter and 
counting radi oactivity in a scintillation counter. Proliferati on is 
expressed as the mea n cpm :lnd SD of trip li c:lte cu ltures. 
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Figure 1. Pro li ferat ive response of mononuclea r periphera l blood cells 
ill the presence of va rying doses of nickel sul f.1te in 2 nickel -a llergic 
patiellts. 
RESULTS 
Nickel-Specific Proliferation In Vitro Nickel-specific pro-
li feration of unpurified mononu clea r peripheral blood cells ob-
tained from nickel-allergic individu31s is nickel concentration-
dependent (Fig 1). Peripheral blood cells proliferate opti mall y at 
nickel sul f.1te concentrations of 1-2 X 10- .1 M . We were not able 
to detect the broad range of optimal nickel sul fate concentrations 
for d iffe rent patients as repo rted by Gimenez-Cama rasa et al r 13]. 
Concentrati ons of ni ckel hi gher than 4 X 10- 4 M were fo und to 
be tox ic, whereas ni ckel concentrations lower than about 5 X 
10- 5 M (dow n to 10 - 8 M) were ineffective. However, the degree 
of pro liferation at optimal concentration appeared to be consid-
erably variable for 13 different patients tested (Ta ble I). In fact, 
in so me of the nickel-allerg ic donors the periphera l blood cells 
proliferated onl y slightl y or not at aU (low respond ers , arbitraril y 
defined as patients with a nickel-specifi c stimulation index below 
3) . 
Antigen-Presenting Cells FroITl Blood and Skin Antigen-
specific T-cell pro li feration requires the presence of A pc. In pe-
ripheral blood, cells from the fra cti on of 1110nocytes (ad herent 
Table I. Pro li feration to Nickel of Mononuclear Peripheral 
Blood Cells From 13 Nickel-A llergic Patients 
Patient 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
Proliferative Response 
(mean optimal cpm ± SO) 
Ni" 
52 18 ± 4267 1098 ± 385 
1845 ± 470 1418 ± 37 
124 1 ± 470 2583 ± 627 
417 ± 45 947 ± 373 
2224 ± 288 5044 ± 960 
646 ± 79 2202 ± 180 
400 ± 85 1850 ± 895 
198 1 ± 384 12472 ± 1583 
6483 ± 6585 490 15 ± 11 092 
245 ± 83 2594 ± 490 
853 ± 11 4 147 10 ± 4388 
691 ± 226 12842 ± 228 
892 ± 432 20370 ± 47 
Stimulation Index 
0.2 
0.7 
2.0 
2.3 
2.3 
3.4 
4.6 
6.3 
7.6 
10.6 
17.2 
18.6 
22.8 
Low-
Responders 
High-
Responders 
' Ni ckel sulfate was added at va rious concent rations to determin e Ih e o ptimal 
pro li fcr;1t ivc response. Data :IfC given fo r optimal co ncentrations. 
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cells) were identified as the critical APC. Nickel contact dermatitis 
takes place in the lesional infiltrates in skin w here close to the 
lymphocytes, T6 + LC ca n be fo und [4]. Braathen 16J has pre-
viously shown that epidermal cell s arc potent A PC in ni ckel-
specific proliferation. T herefore, we have in vestigated the anti-
gen-presenting ca pacities of skin- and blood-derived A PC in more 
detai l. In a first series of experim ents we co mpared the APC 
function of monocytes and a suspension of autologo us skin epi-
derma l cell s. T he results of a typica l experim ent with purified 
periphera l blood T cells of a hi gh-responder ni ckel-a llergic in-
d ivid ual show that both monocytes and epider mal cells fun ction 
as APC in nickel-specifi c T -cell proliferation (Fig 2). Epiderm al 
cells appeared to be mo re effective on a per cell basis. Addition 
of high numbers (higher th an about I X 10" cell s per wel l) should 
be avoided, since this resul ted in a considerable proli feratio n of 
T cells in the absence of nickel (a uto logous mi xed Iymp hocyte-
epidermal cell reac tion). 
Circulating Dendritic Cells as APC According to so me re-
cent reports, the fract ion of monocytes from hu man peripheral 
blood co ntains abollt 5% FcR - (non phagocytic) dendritic cells 
[13,14] . To analyze the contribution of monocytes and dendriti c 
cell s in nickel-specific pro li ferat ion, we have compared the APC 
ca pacities of purified auto logous circulating FcR - dendritic cell s 
and puri fied FcR + monocytes in proli ferat ion of T cells from 
responder patients. T hese experim ents (Fig 3) showed that pro-
li ferat ion to nickel was best in th e presence of dend ritic ce lls as 
APC. Similar to ex periments with epiderm al cell s as APC, ad-
dition of high numbers of circulat in g dendritic cell s (hi gher than 
2-3 X 103) shou ld be avoided, due to the contr ibution of an 
autologous mi xed leukocyte reaction . 
Langerhans Cells as APC T he obvious APC in the skin im-
mune sys tem (S IS) are LC [15] . To demonstrate the role ofT6+ 
LC as APC w ithin the fractio n of epiderm al cells, we have purified 
LC fro m this fraction and added them to purified T cell s. Lang-
erhans cells, in num bers as sma ll as a few hundred, appea red to 
be effective APC (Fig 4) . T he T6+ ceil-depicted epider mal cells 
were far less efficient as APC, and less effective th an unseparated 
epidermal cells. Although it ca nnot be concluded that cell s of the 
T6 '" cell-dep leted fraction do not present anti gen, the activity of 
cpm x 10-3 
15 
10 
5 
o 
Antigen presen t ing ce ll s x 10-3 
Figure 2. Pro li ferative respo nse of purified T lymphocytes from a hig h-
respo nder pati ent in the presence of m onocytes (so lid circles) or epidermal 
cells (OpC II circlcs) as A PC with (solid lille) o r witho ut (b rokell lill c) 10-" M 
nickel su lfate . 
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Fig ure 3. Pro li ferative response of purified T lymp hocytes from a high-
respo nder patient in the presence ofFcR + monocytes (so lid circles) or FcR -
dendrit ic cell s (opell circles) wi th (so lid lillc) or w ithout (brokell lille) 10 - 4 
M nickel sul fate. 
th e dep leted fract ion shou ld be attributed to the presence of T6 + 
cells (0.1-1 %) that we re not dep leted by th e panni ng procedure. 
Role of APC Heterogeneity in Low Responsiveness Pe-
riphera l blood cells obtained from so me of the ni ckel-all ergic 
patients showed no signifi cant pro li feration in response to nickel 
(Ta ble I). In this ca tegory of low-responder pat ients we have 
com pared the effect of peripheral blood monocy tes vs sk in-de-
rived epiderm al cell s as APC. As seen in Tab le II , lymphocytes 
from low-responder patients, showing no response in the pres-
ence of cel ls fro m the monocyte fra ction (or its purified circul ating 
dendritic cell s, data not shown), revea l a st rong res ponse to nickel 
upon addit ion of epiderm al cells. Apparently, ni ckel-specific pro-
li ferat in g T lymphocytes from this group of patients are strongly 
dependent on the presence of excl usively LC as A PC, in contrast 
[E 
I ~~ I~ ~ EC x lO·' '"1 
TS'LC 
1: lid 1 I X 10-2 ?? 
TS · EC 25 ~ 
x l0·' 50 
o---j 100 _. __ 
1 1 1 
0 10 20 30 
cpm x 10. 3 
Figure 4. Proliferative response of purified T ce lls w ithout APC (-) or 
in the presence of ep idermal ce ll s (EC), purified T6+ Lan gerhal1s cells 
(7"6;' LC) or T6 - epiderm al cell s (7"6- EC) as APe. T he shaded areas 
indicate the T-cell responses witho ut Ili ckel sulfate. 
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Table II. Heterogeneity of Dendritic Antigen-Presenting 
Cells in the Nickel-Specific Proliferative Response 
of T Cells From Low-Responder Patients 
Cells 
ExperilTlent 1 
Mononuclear peripheral blood cells 
T 
T + 3 x 103 monocytes 
T + lO X 10J monocytes 
T + 3 X IOJ epidermal cells 
T + lO X 10J epidermal cells 
Experinlent 2 
Mononuclear peripheral blood cells 
T 
T + 10 x 10J monocytes 
T + 10 x 103 epidermal cells 
Proliferative Response 
(mean cpm ± SD) 
Ni 
403 ± 168 344 ± 180 
278 ± 39 34 1 ± 171 
329 ± 59 447 ± 37 
640 ± 51 652 ± 23 
508 ± 141 3224 ± 1249 
1051 ± 161 7032 ± 1174 
101 8 ± 230 1427 ± 441 
98 ± 57 140 ± 33 
216 ± 29 393 ± 103 
471 ± 43 4112 ± 11 80 
to high-responder patients in whom ni ckel-specifi c T cells can 
recognize nickel presented both by circulating dendritic cells and 
LC. 
DISCUSSION 
The present report describes the crucial role of dendritic APC 
subsets in nickel-specific T-cell proliferation of nickel-allergic pa-
tients. It shows that both circulating and skin-specific dendritic 
cells can function as APC, whereas FcR + monocytes were inef-
fective. This observation is in agreement with a recent report that 
shows that human circulating dendritic cells are far more effective 
than monocytes in purified protein derivative of tuberculin and 
tetanus toxoid-specific T-cell proliferation (16]. Our present ex-
periments furthermore showed that epidermal cells are more ef-
fective as peripheral blood APC, especially in the category of 
low-responder patients. Further experiments with purified LC 
have m a rked LC as critical APC in the fraction of epidermal cells. 
This observation is supported by experiments of Bjercke et al 
[1 7], which showed a similar crucial role for LC in responses to 
Candida albicans and herpex simplex virus, both antigens that are 
characte ristic for the SIS. 
The crucial role of both LC and circulating dendritic cells in 
contact dermatitis may not be surprising. Both cell types are 
considered to be members of the family of dendritic cells. Evi-
dence for their relationship is lacking, but it may be argued that 
circulating dendritic cells contain precursers of the LC that stem 
from bone marrow [18) . Evidence for a role of LC as antigen-
trapping cells in skin during the sensitization phase of the allergic 
response is substantial [19,20) . The role of LC seems to be more 
complicated, since T6+ cells are also found in the stratum papillare 
of the dermis complexed to T4 + cells in the course of various 
immune disorders [21,22) . 
Our present experiments were complicated by the findin g that 
the responses of un purified peripheral blood cells to ni ckel were 
highly variable for different patients. This variability may be 
related to the presence of different percentages of monocytes in 
peripheral blood , since monocytes are known to be able to sup-
press lymphocyte proliferation [23J, probably by production of 
prostaglandins [24J and/or oxidating agents [11 ,25]. 
A recent report of Silvennoinen-Kassinen et al [26] has shown 
that unresponsiveness to nickel is probably not due to specific 
suppressor cells. A likely variability of the proliferative response, 
therefore, may be explained to result from differences in fre-
quencies of nickel-specific T cells differing in their requirement 
for s p ecialized APC. Low-responder patients may have a T-cell 
popula tion consisting mainly of nickel-specific T cells that do not 
respond to nickel presented by peripheral blood APC. These T 
cells, however, do respond to nickel presented by LC, since ad-
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dition of epidermal cells induced a strong proliferative response 
to nickel. In a recent series of experiments (M.LK., P.R.,J-D.B., 
submitted for publication) , the existence of at least 2 clonotypes 
of nickel-specific proliferating T cells was demonstrated. Al-
thou gh all nickel-specific T-cell clones could recognize nickel 
presented by LC, a part of the T-cell clones exclusively respond 
to nickel in the presence of LC as APC, whereas other clones 
were also able to respond to nickel presented by circulating den-
dritic cells. This notion suggests that low-responder patients have 
a majority of nickel- specific T cells of the first-mentioned cloll-
otype, whereas high- responder patients have nickel-specific T 
cells of both the aforementioned clonotypes. A direct proof of 
this hypothesis is not available, since the number of clones isolated 
from the patients was too low. 
The present experiments stress the crucial role of APC heter-
ogeneity in activation of inducer T cells in contact allergy. Further 
analysis of how antigen is presented to subsets of helper and 
suppressor T cells, and how these T-cell subsets recognize anti-
gen , may lead to a better understanding of the allergic reaction . 
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